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Fixed Sources

DC Direct Current
Fixed current or voltage

Value does not vary with time
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Alternating Waveforms

AC
Alternating Current

Alternating current or voltage

Varies with time
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Alternating Waveforms

Basic Common Waveforms
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Key Concepts – value varies with time

time

Voltage

or

Current
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AC Wave – value varies with time
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AC Wave – value varies with time

0 Volts

at

t = 0
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AC Wave – value varies with time

+10V

at

t = 1 ms
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AC Wave – value varies with time

0V

at

t = 2 ms
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AC Wave – value varies with time

-10V

at

t = 3 ms
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AC Wave – value varies with time

0V

at

t = 4 ms
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Time Axis

Quarter Cycle Half Cycle

Three-quarter Cycle Full Cycle
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Key Concepts – period

Period – time for one cycle

T=4 ms
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Key Concepts – frequency

f - frequency

# of cycles in one second

f = 1/T
Where period T is time for one cycle
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AC Wave – frequency

f – frequency

Units in Hertz (Hz)
Or cycles per second

f = 1/T = ¼ ms = 250 Hz
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AC Wave – vertical axis
Maximum or Peak

Vmax=Vp=10V

Vmin= -10V
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AC Wave – vertical axis

Peak

to 

Peak

Vpp = VMAX – VMIN = 10 V – (-10V) = 20 V
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AC Wave – vertical axis

Average or DC

Pure AC signal VAVG = VDC = 0



Conceptual RF and Microwave Engineering         Fall 2002     ANL

Advanced Photon Source

Lecture 3/19

AC Wave – sine wave

Vmax = 10V

f = 250 Hz

( ) ( ) ( )tVftVtv mm ω=π= sinsin 2

( ) ( )tHzVtv ⋅⋅π⋅= 250210 sin
( ) ( ) VHzVv 1000102502100010 =⋅⋅π⋅= sec.sinsec.
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AC Wave – with DC offset

Average or DC

With 5V DC offset VDCAVG VV 5+==
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AC Wave – sine wave

Vmax=10V

VDC=+5V

T=4 ms

f= 250 Hz

( ) ( )
( ) ( )tHzVVtv

ftVVtv mDC

⋅⋅π⋅+=
π+=

2502105
2

sin
sin
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AC Wave – with DC offset

Vm

Peak Amplitude

Vmax = Vp =VDC + Vm

=5V + 10V = 15V
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AC Wave – with DC offset

Vm = ½ Vpp= ½ (20V)=10V

Vm

Peak Amplitude
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Scope Display – period measurement

10 divisions

Sweep Rate: 2ms/Div
f = 1/T =1/20 ms=50 Hz

T = 10DIV x 2 ms/DIV = 20 ms
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Average (DC)Value – DMM

DMM
DC mode

Voltage

+2.000 V

DMM: easy, accurate reading.
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Effective (RMS)Value

Pure AC Signal

DC offset is 0V

DC is zero, but AC voltage exists

Need an AC measurement
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Effective (RMS)Value

Root Mean Square

1. Square it

2. Take the mean

3. Take the square root
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Effective (RMS)Value
Mathematically

From Calculus ( )dttv
T

V T
RMS ∫= 0

21

Square

Mean

Root
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Effective (RMS)Value

Depends upon the shape!
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Sine

2
mVVRMS = mVVRMS 7070.=

VVVRMS 7702
100 .==

Effective (RMS)Value
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Effective (RMS)Value

Triangle

3
mVVRMS =

VVVRMS 8573
100 .==
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Effective (RMS)Value

US commercial voltage

120V RMS

120VRMS = 170Vp =340 Vpp

Frequency of 60 Hz
Period = 16.7 ms
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Resonance 
Resonance Phenomena

Schematic
Frequency Effects

Resonant Frequency

Quality Factor
Selectivity
VR, VL, VC
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Resonance Phenomena
Output versus Frequency

Output

Frequency
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Resonance Phenomena
Requirements

Two energy storage devices

180 degrees out of phase
One releases energy while the other stores it
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Series Resonant Circuit

+

-

L C

REin

+

-
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Resonant Frequency 

+

-

L C

REin

+

-

Vout

RCL ZZZZtotal ++=

CLCL XXZZ =−=   

RZZ Rtotal ==
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Resonant Frequency:Derivation

+

-

L C

REin

+

-

Vout

 CL XX =

fC
fL

2
12 =

LC
f

4
12 =
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=
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Quality Factor

powerresistive 
powerreactive 

=Q

I is the same in a series circuit

RI

XI
Q 2

2
=

R
X

Q =
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Output

Frequency

High Q

Low Q
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Selectivity

A0

fr

A0-3dB

fl fh

Bandwidth

lh fffBW −=∆=

f
f

Q
∆

= r

Output

Frequency
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Selectivity
Output

Frequency

A0

frfl fh

lh fff r ×=
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+

-

L C

REin

+

-

Vout

VR, VL, VC Responses
At resonance I is ___?___

(min,ave,max)

Max

VR, VL, VC are __?__

(small,large)

Large
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VR, VL, VC Responses

+

-

L C

REin

+

-

Vout

At resonance

VL=VC>>Ein

VL is __?__

(LP,HP,BP)
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==0fG =∞→fG0 1

VL is High Pass

CR +

-

LEin

+

-
Vout

Quick Look
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==0fG =∞→fG1 0

VC is Low Pass

+

-

L

Ein

+

-
Vout

Quick Look

R

C


